In an effort to make an inventory of the tRNA genes of Mycoplasma pneumoniae, a DNA fragment was found to contain a sequence that can be folded into a hairpin structure very similar to that of the 4.5S RNA of Escherichia coli. Recombinant plasmids carrying this region were able to complement E. coli strains that were deficient in 4.5S RNA. Sl mapping showed that the mature transcript is only 79 nucleotides long.
The pool of small stable RNAs in prokaryotes consists not only of the well-characterized tRNAs and rRNAs but also a growing list of other molecules with diverse functions in the cell (13) . Among these are the 4.5S RNA from Escherichia coli (10) and its functional homologs from other bacteria (7, 24) . Despite the marked heterogeneity among prokaryotic 4.5S RNA homologs at the primary sequence level, they all share a conserved structural motif at the apex of the molecule (7, 24) . Surprisingly, this structure is also found in domain IV of human signal recognition RNA (18, 19) and archebacterial 7S RNAs (14, 16) . It has been demonstrated, at least in E. coli, that 4.5S RNA participates in protein synthesis (3) and is essential for cell growth (6) ; in higher eukaryotic cells, signal recognition particle RNA mediates protein translocation across the endoplasmic reticulum membrane (25) . The identification of a 4.5S RNA homolog from mycoplasmas, which are considered the smallest freeliving cells (8) , would therefore support the ubiquitous nature of this entity in prokaryotes. We present here the cloning and sequencing of the Mycoplasma pneumoniae 4.5S RNA homolog and its expression in E. coli.
M. pneumoniae M129 (ATCC 29342) was grown and harvested as previously described (11) . E. coli DH5aF'IQ was the host for phage M13mpl8 (17) , plasmid vector pIBI25, and their derivatives. E. coli JM109 (27) was used to propagate plasmid vector pBR327 (23) and its derivatives. E. coli S1192 and S1610 (6) , kindly provided by Stanley Brown, were used for complementation experiments.
Crude preparations of small stable RNA from M. pneumoniae were obtained by direct phenol extraction of the cells followed by selective NaCl and isopropanol precipitations (15 (12) , and a 4-kb fragment. The hybridizing portion of this third fragment was narrowed to a 1.8-kb Hincll fragment, which was cloned in M13mpl8 and sequenced. Since no typical tRNA gene could be found in its nucleotide sequence, DNA preparations from exonuclease III deletion subclones were used in dot blot hybridization experiments to further localize the putative RNA gene. With this subset of M13 derivatives, the relevant hybridizing sequence has been defined as a 175-nucleotide subfragment ( Fig. 1 and 2 ). Interestingly, part of this sequence can be folded in a hairpin structure very similar to that proposed for the 4.5S RNA from E. coli (6) . The proposed structure shown in Fig. 3 shares with E. coli 4.5S RNA and its homologs (6) all of the conserved nucleotides in the apex region except for the A at position 39, which replaces a G, and the pair A37/T42, whose counterpart in other similar structures is a G * C base pair. Such a remarkable region has also been found in eukaryotic and archaebacterial 7S RNAs (18, 24) , and one might note that the consensus structure derived from these sequences is highly Hae 1II similar to the one given in Fig. 2 . Both have a hairpin at the apex composed of a 4-base loop, 5'GNAA, and followed by a 4-bp stem including the nonstandard G. A base pair and an internal loop (CAG/GCA). Finally, after this loop is a second 4-bp stem that precedes a second internal AC-rich loop.
Because of these homologies, we speculated that the sequence found in M. pneumoniae was for a 4.5S RNA homolog. To test this hypothesis, complementation experiments with E. coli strains deficient in 4.5S RNA were performed (5, 7). Briefly, in strain S1610 the chromosomal gene for 4.5S RNA has been inactivated and the unique intact copy of this gene is present on a thermoinducible prophage, rendering the bacterium temperature sensitive for growth. Since this gene is essential for growth, the cured progeny of this strain are nonviable unless transformed with a plasmid encoding a 4.5S RNA homolog. Strain S1192 has its sole copy of the 4.5S RNA gene regulated by the lac repressor and therefore requires IPTG for growth except when harboring a plasmid providing 4.5S RNA function. In a preliminary experiment plasmids pFll-416 and pFll-417, which carry the entire 4-kb HindIlI hybridizing fragment from pCosMpFll inserted in opposite orientations in pIBI25, were used as a potential source of 4.5S RNA homolog. Cells transformed with both pFll-416 and pFll-417 were able to grow at 42°C after pulse curing, whereas essentially no thermoresistant clone was found among cells transformed with pIBI25 alone (Table 1) . " The number of complemented cells was determined by plating serial dilutions of growing cells at 42°C (thermoresistant cells) or at 30°C on medium without an inducer (IPTG-independent cells). In each experiment the total number of growing cells was estimated by using duplicate plates incubated at 30'C (S1610 series) or supplemented with 0.1 mM IPTG and incubated at 30°C (S1192 series).
Since the two recombinant plasmids have their inserts in opposite orientations, transcription in E. coli is likely to be controlled by a M. pneumoniae promoter. To confirm the location of the potential 4.5S RNA homolog gene, a 373-bp NheI-BglII fragment comprising the whole hybridizing portion ( Fig. 1) was isolated from F11-416 and subcloned into pBR327 restricted with BamHI and NheI. The resulting recombinant clone, pPS1, was tested for its ability to complement 4.5S RNA-deficient E. coli strains. The recombinant strain S1610:pPS1 and the positive control S1610:pSB832 (4) were thermoresistant after the pulse curing regimen, whereas S1610:pBR327 was not (Table 1) . Also, strains S1192:pPS1 and S1192:pSB832 were IPTG independent, whereas S1192:pBR327 required the inducer for growth (23) . These complementation results therefore support the idea that the cloned sequence contains a gene for a 4.5S RNA homolog from M. pneumoniae. It also demonstrates that, despite the absence of extensive homology with the E. coli gene at the primary sequence level (only 27 of 114 nucleotides are identical when the two sequences are aligned if no E. coli gaps are permitted), the M. pneumoniae gene is fully active in E. coli.
To obtain more information concerning the size of the mature RNA transcript in M. pneumoniae and to determine the transcription signals, S1 mapping experiments were performed. Two oligonucleotides were designed: oligonucleotide A, complementary to nucleotides 31 to 50 on the sequence depicted in Fig. 2 , for mapping of the 5' end; and oligonucleotide B, complementary to nucleotides 121 to 137, for mapping the 3' end. Si mapping and primer extension with a 5' end-labeled probe derived from oligonucleotide A showed that the transcription start site is at nucleotide 1. Si mapping with uniformly labeled extension products of oligonucleotide B indicated that the 3' end of transcription occurs at nucleotide positions 78 and 79 (data not shown). Of course, it is also possible that the 5' and 3' ends we mapped were generated by the processing of a larger precursor transcript.
The demonstration of a gene for a 4.5S RNA homolog in M. pneumoniae indicates the ubiquitous nature of this gene; it has been reported previously for bacteria (6, 7, 24) , Schizosaccharomyces pombe (2), and humans (18, 19) . Recently, a small RNA bearing structural similarity to E. coli 4.5S RNA was described for Mycoplasma mycoides (20) , although no functional studies were done. The relatively small size of the 4.5S RNA from M. pneumoniae (79 nucleotides) and its ability to complement the growth of the deficient strains of E. coli indicate that the essential function of E. coli 4.5S RNA (114 nucleotides) can be satisfied by a smaller molecule whose sequence similarity is restricted mainly to the hairpin end of the RNA.
